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Transluminal angioplasty for arteriosclerotic
disease of the distal vertebral and basilar arteries
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Ekina Nakai, Hideyuki Yokote, Toru Itakura, Grant B Hieshima

Abstract

Objective—Percutaneous transluminal
angioplasty (PTA) for the distal vertebral
and basilar artery is now being performed
in selected patients with haemodynami-
cally significant lesions of the posterior
cerebral circulation. Its effect and overall
results were examined.

Patients and methods—A balloon dilata-
tion catheter specifically developed for
these procedures, with a 2:0-3-5 mm bal-
loon diameter, at 6 atmospheres of pres-
sure, was used. Angioplasty was
performed in 12 patients (including six
whose initial results have been reported)
with angiographically documented
stenotic lesions involving either the
intracranial vertebral artery (C1-C2 por-
tion) or the basilar artery, and satisfying
the following criteria: (1) clinical symp-
toms suggestive or consistent with a tran-
sient ischaemic attack refractory to
medical treatment, or small infarction of
the posterior circulation; and (2) angio-
graphically documented stenosis greater
than 70%. Two of 12 patients had com-
plete thrombosis of the distal vertebral
and basilar artery and PTA was per-
formed after successful intra-arterial
thrombolysis.

Results—Successful results, without com-
plications, were obtained in eight
patients, with complete resolution of ver-
tebrobasilar ischaemic symptoms.
Immediate complications occurred in
four patients including two with vessel
dissection, and two with thromboem-
bolism. The two patients with acute arter-
ial dissection were reoperated but
developed small infarctions with perma-
nent neurological deficits. The two
patients with thromboembolic complica-
tion showed transient neurological deficit.
The overall stenosis ratio decreased from a
mean of 84% pretreatment to 44% after
the angioplasty procedure. Restenosis
occurred in two patients. Long term clini-
cal follow up in 11 patients who survived
more than six months showed resolution
of ischaemic symptoms after PTA in all
except for one with a restenosis who had
recurrent transient ischaemic attacks.
Conclusion—Transluminal angioplasty
may be an effective procedure to treat
vertebrobasilar ischaemia secondary to

high grade arteriosclerotic disease affect-
ing either the distal vertebral or basilar
artery regions that do not respond to
medical treatment.

(¥ Neurol Neurosurg Psychiatry 1996;60:377-381)
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Acute occlusion of either the basilar artery or
both vertebral arteries usually results in severe
neurological deficits.!> Surgical revascularisa-
tion involving the posterior cerebral circula-
tion is more difficult compared with
revascularisation of the anterior circulation.**¢

In 1980, Sundt ez al,” reported the first suc-
cessful treatment of basilar artery arterioscle-
rotic stenosis by intraoperative percutaneous
transluminal angioplasty (PTA). However, the
technique of PTA for the intracranial verte-
brobasilar system has not developed rapidly
compared with that of the coronary, periph-
eral, and extracranial arteries.®'° This is due to
the potential risk of vertebrobasilar throm-
boembolism and the difficulty of navigating
the balloon catheter through the tortuous
intracranial vessels.

Recent advances in interventional neurora-
diology, especially for the microballoon angio-
plasty catheter, have now made PTA for
intracranial arteries possible.®!'"”> We have
performed PTA in 12 patients with distal ver-
tebral and/or basilar artery high grade arte-
riosclerotic disease (including six whose initial
results have been reported!?). This paper dis-
cusses the technical strategies, feasibility,
results, and long term angiographic and clini-
cal outcome for this group of patients.

Materials and methods

PATIENT SELECTION

Percutaneous transluminal angioplasty was
performed in 12 patients with angiographically
documented stenosis involving either the distal
vertebral artery at the C1-C2 segment or basilar
artery region and who satisfied the following
criteria: (1) they were clinically symptomatic
with vertebrobasilar ischaemic symptoms or
small infarction involving the posterior circula-
tion; (2) they had a haemodynamically signifi-
cant, angiographically documented stenosis of
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greater than 70% due to atherosclerosis; and
(3) they were refractory to standard medical
treatment including antiplatelet therapy, anti-
coagulation therapy, or both.

In patients who had transient ischaemic
attacks in the vertebrobasilar distribution,
aspirin (325 mg/day) or ticlopidine (200
mg/day) was given for antiplatelet therapy for
at least two to three months before all proce-
dures and continued for six months after
angioplasty. If the transient ischaemic attacks
seemed refractory to antiplatelet therapy, oral
warfarin was given, until the clotting times
(prothrombin time) attained were between 1-5
and twofold that of the normal baseline value
before angioplasty, and if residual stenosis, sig-
nificant intimal dissection, or pronounced
irregularity of the vessel was seen after angio-
plasty, patients were given warfarin for six to
eight weeks and a repeat angiogram was per-
formed. Patients who presented with either a
CT or MRI showing a large area of infarction
(> 2'5 cm) were excluded, as revascularisation
might induce areas of haemorrhage in a previ-
ous site of acute infarction. Patients with small
focal areas of infarction were treated medically
until the infarction stabilised and then they
were treated by angioplasty.

Three patients had transient ischaemic
attacks in the vertebrobasilar distribution and
eight had small infarctions involving the poste-
rior circulation. One patient had both a tran-
sient ischaemic attack in the vertebrobasilar
distribution and an acute infarction. Two
patients had acute thrombotic occlusion of the
distal vertebral and/or basilar artery territory
and were treated initially with intra-arterial
thrombolysis before balloon angioplasty.

In this series, there were 11 males and 1
female patient. Patient’s ranged from 50 to 74
years in age. Seven patients had hypertension
and five had diabetes. Four patients had basilar
artery stenosis and seven had distal intracra-
nial vertebral artery stenosis. One patient had
both vertebral and basilar artery stenosis. All
vertebral stenosis were associated with con-
tralateral vertebral occlusion or hypoplasia.
The table summarises the clinical presentation
of these patients. The initial results for six
patients (1, 2, 3, 5, 7, 10) have already been
reported.'?

The degree of stenosis was measured on an
anteroposterior or lateral view according to the
North American Symptomatic Carotid
Endarterectomy Trial (NACET) criteria.'*

ENDOVASCULAR TECHNIQUE

A transfemoral approach was performed in all
cases under local anaesthesia. The balloon
diameter was determined by measuring the
normal calibre of the vessel both above and
below the site of stenosis. The diameter of the
balloon chosen approximated to but did not
exceed the normal luminal diameter for fear of
causing overdistension and vessel rupture. An
over the wire PTA microballoon system was
used, and the balloon diameters ranged from
2:0 to 3-5mm (Target Therapeutics Inc,
Fremont, CA, USA).

During the procedure, systemic anticoagu-
lation was achieved by giving intravenous
heparin 70 U/kg) and confirmed with an acti-
vated clotting time (1-5 to twofold the baseline
value). Before the angioplasty, a diagnostic
catheter was guided proximal to the site of
stenosis, and an angiographic “road map” was
obtained to aid in navigating the balloon
across the site of stenosis. This map displays
the vascular anatomy on the fluoroscopic
monitor and simultaneously allows real time
fluoroscopy over the image. The monoluminal
PTA balloon catheter was passed across the
lesion over an 0-016 inch guide wire. The
guide wire was then exchanged for a “valve
wire” to seal the angioplasty balloon and the
balloon was inflated to six atmospheres for
10-20 seconds.

EVALUATION BEFORE AND AFTER ANGIOPLASTY

After the angioplasty procedure, arteriography
was performed in all patients to assess the
degree of dilatation, to evaluate intimal and
medial damage, and to view the distal intracra-
nial circulation for evidence of distal embolisa-
tion and branch occlusions. Careful evaluation
was performed in the neurological observation
unit before, immediately after, and then for 24
to 48 hours after the procedure. If the patients’
condition was stable they were discharged
home and received aspirin, dipyridamole,
and/or ticlopidine for at least six months.
Patients were followed up clinically at one

Profile of patients who had PTA
Follow up
Patient Stenosis Clinical signs Compli- Follow up period and
No Agelsex Diagnosis Vascular lesions rate (pre-post) after PTA cation angiography new symptoms
1 69/M Cerebellar infarct 1t-VA stenosis, rt-VAO 95%—21% Not changed 0 2 months, restenosis (-) 2:5 y None
2 57/M TIA, infarct rt-VA stenosis, 1t-VAO 70%—20% Not changed 0 3 months, restenosis (-) 2 y None
3 54/M BS infarct rt-VA stenosis, It-VAO 90%—60% Transient deficit (+)emb Not done 4 y None
4 59/M TIA 1t-VA-BA thrombosis 90%—50%  Not changed 0 Not done 1-5 y None
(PTA after thrombolysis)
5 66/M BS infarct 1t-VB]J stenosis, rt-VAO  90%—40% Transient deficit (+)emb 2 months, restenosis (-) 1-7 y None
6 72/M Occipital infarct 1t-VA stenosis, rt-VAO 75%—40% Permanent deficit  (+)dis Not done 1 y None
7 52/M BS infarct BA stenosis 70%—60% Not changed 0 1-5 months, restenosis (-) 4y None
8 50/M TIA BA stenosis 90%—40% Not changed 0 Not done 1-2 y None
9 60/M TIA BA stenosis 90%—50% Not changed 0 6 months, restenosis (+) 1-2 y TIA(+)
10 74/F Occipital infarct  rt-VA stenosis, 1t-VAO 80%—70% Permanent deficit  (+)dis Not done Died BS infarct
11 66/M BS infarct rt-VA stenosis, 1t-VAO 80%—60% Not changed 0 6 mogtilﬁf [r\estenosis (+) 1-4yNone
2n
12 61/M BS infarct BA thrombosis 90%—50% Improved 0 1 month, restenosis (-) 1-4 y None
(PTA after thrombolysis)

VA = vertebral artery; VAO = vertebral artery occlusion; BA = basilar artery; VB] = vertebrobasilar junction; emb = embolic complication; dis = dissection; TIA =
transient ischaemic attack; BS = brain stem.
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Figure 1 Angiogram of
patient 5. (A) Left
vertebral angiogram,
anteroposterior view; a high
grade stenosis is seen in the
distal left vertebral artery
at the C1 level (arrow).
(B) Follow up angiogram
two months after the initial
PTA; the stenotic portion is
now widely patent.

A

to three months and six to 12 months after
the procedure. Follow up angiography
was scheduled for all patients between one
and six months after PTA, if consent was
obtained.

Results

The table summarises our results, complica-
tions, and follow up. The average change in
intraluminal diameter in 12 patients with PTA
decreased from a mean of 84% to a mean of
44% after angioplasty. The mean follow up
period in 11 patients, who survived more than
six months, was 24 months. Clinically there
was complete resolution of posterior circula-
tion ischaemia and there were no further
episodes of posterior circulation stroke in the
11 patients with long term follow up except
one patient who had transient ischaemic attack
and recurrent restenosis. This patient is now
controlled by medical treatment only.
Restenosis occurred in two patients (17%). In
one patient the distal vertebral artery was
involved, and in the second, the midbasilar
artery.

A total of four complications occurred. Two
patients had acute arterial dissection due to
the angioplasty procedure, leading to abrupt
total occlusion. One led to a brain stem infarc-
tion and the patient died 48 hours after the
procedure. The second patient (6) had an
infarction of the cerebellum and occipital lobe.
This patient was left with a permanent deficit.
Two patients experienced thromboembolic
complications. Two patients showed transient
neurological deficits. Except for infarctions
due to arterial dissection, all other infarctions
were thought to be due to occlusion of perfo-
rators to the brain stem.
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Overall, therefore, there were two major
complications with one death and one perma-
nent neurological deficit (17%).

Ilustrative cases

PATIENT 5: DISTAL VERTEBRAL ARTERY
ANGIOPLASTY

A 66 year old man presented with the sudden
onset of vertigo, nausea, vomiting, and
unsteady gait. Brain MRI disclosed a right
cerebellar infarction. Cerebral angiography
showed complete occlusion of the right verte-
bral artery and a high grade stenosis of greater
than 90% involving the left distal vertebral
artery (fig 1A). A 3-0 mm balloon dilatation
catheter was navigated across the stenosis via a
transfemoral arterial approach. Successful
dilatation of the stenosis was performed for 10
seconds, three times, and the balloon was
rapidly deflated.

The postangioplasty arteriogram showed
wide patency at the angioplasty site, with
excellent blood flow to the distal posterior cir-
culation. A transient gaze palsy and mild
weakness of the left side of his body appeared
immediately after the angioplasty procedure
and he was given intravenous heparin. The
symptoms completely resolved within 48
hours. His follow up angiogram showed
improved luminal diameter and he was dis-
charged on warfarin (4 mg alternated with
5 mg every day). The follow up arteriogram
two months later showed a widely patent ver-
tebral artery with 100% patency at the angio-
plasty site. (fig 1B) At 19 months of clinical
follow up the patient’s symptoms of verte-
brobasilar ischaemia has not recurred and the
patient remained clinically and neurologically
stable.
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Figure 2 Right vertebral
angiogram of patient 12.
(A) Right vertebral
angiogram before PTA;
there is a high grade
stenosts involving the distal
right vertebral artery at

the C1 level (arrow).

(B) Right vertebral
angiogram after the initial
PTA; there is moderate
dilatation at the
angioplasty site (arrow).
(C) Rught vertebral
angiogram six months after
the initial PTA; there is
restenosis at the angioplasty
site (arrow). (D) Right
vertebral angiogram after
second PTA; the stenotic
portion is now dilated to
70% patency (arrow).
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PATIENT 11: RESTENOSIS AFTER DISTAL
VERTEBRAL ANGIOPLASTY

A 66 year old man was admitted with distur-
bance of consciousness, left ataxia, and fluctu-
ating tetraparesis. Antiplatelet therapy with
ticlopidine (200 mg/day) was started. Brain
MRI showed a small high intensity area in the
left cerebral peduncle and cerebellar hemi-
sphere three weeks after the onset of his initial
symptoms. Cerebral arteriography showed a
left vertebral artery occlusion and a high grade
stenosis of the right vertebral artery (fig 2A).
9mTc-HM-PAO SPECT showed a low perfu-
sion area with poor vascular reactivity for the
diamox challenge involving the entire poste-
rior fossa. He was alert and had left ataxia and
mild right hemiparesis on the fourth week. A
PTA of his stenotic right vertebral artery was
performed on the 28th day after his stroke.

A 3-0 mm balloon catheter was navigated
across the stenosis via a transfemoral arterial
approach. Angioplasty was performed twice
for 90 and 120 seconds respectively. The
stenosis was reduced angiographically from
80% to 60% (fig 2B). A follow up angiogram
six months after the initial angioplasty how-
ever, showed restenosis (fig 2C).

A second PTA was performed using a 3-0
mm balloon, without any complication and
resulted in successful dilatation (fig 2D).
However, a follow up angiogram three months
after the second procedure again showed
restenosis. Clinically the patient remains
asymptomatic without further symptoms of
vertebral basilar ischaemia on medical therapy.

Discussion

Direct exposure with intraoperative angio-
plasty of the vertebrobasilar artery was initially
performed in the early 1980s’; however the

results were not satisfactory. We also per-
formed this procedure in two patients previ-
ously but it was also unsatisfactory, and we
abandoned it. The failures were due to the
stiffness of the balloon catheters, which caused
major complications of vessel rupture and dis-
section. Recent technological improvements in
compliant balloon catheter systems, micro-
guide wires, and flexible microcatheters for
introduction have now made angioplasty of
intracranial stenotic lesions feasible.®!! Several
reports have described successful results of
PTA for intracranial arteries®'"!*> but there are
no reports involving large numbers of patients,
although PTA for supra-aortic arteries, includ-
ing the proximal vertebral artery and extracra-
nial internal carotid artery, has been reported
with low complication rates.!> !¢

Acute basilar artery and bilateral vertebral
artery stenosis or occlusion is associated with
high mortality and serious neurological
deficits. Conventional medical treatment usu-
ally consists of anticoagulation or antiplatelet
drugs.?'” For patients with stenosis of both
vertebral arteries, severe narrowing of the basi-
lar artery, or long segment stenosis with irregu-
larity and evidence of posterior fossa
ischaemia, PTA may be a viable alternative to
improve blood flow to the posterior circulation
and to decrease the risk of acute occlusion and
thromboembolic complications. The potential
complications associated with distal vertebral
and basilar artery angioplasty include vessel
dissection, vessel rupture, and thromboemboli
from disruption of the atheromatous plaque.
To prevent ischaemic complications resulting
from acute arterial dissection and abrupt clo-
sure, leaving an exchange guide wire across
the lesion is essential to provide access for fur-
ther angioplasty, until the successful opening
is confirmed after the angioplasty. Vessel rup-
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ture may be decreased by using an appropri-
ately sized balloon, which is not larger than the
normal luminal diameter.

Other complications which might result
from angioplasty are due to occlusion of the
perforating arteries. The multiple small brain
stem perforating arteries that arise from the
distal vertebral and basilar artery provide
blood to the proximal spinal cord, brain stem,
hypothalamus, and thalamus. Therefore,
occlusion of the small perforating artery often
causes serious neurological deficits as seen in
two of our patients (6, 10). This complication
is difficult to avoid, because angioplasty of an
atheromatous plaque results in intimal and
medial disruption with associated damage to
adjacent small arteries. Therefore, PTA of the
distal vertebral and basilar artery should be
performed only in cases of severe stenosis
(more than 70%)'* that are refractory to med-
ical treatment.

The natural history of vertebral and basilar
artery stenosis of more than 70% is not com-
pletely known.! 2 However, the rate of reinfarc-
tion could be high as the North American
Symptomatic Carotid Endarterectomy Trial'4
has shown that at two years, the risk of an ipsi-
lateral stroke for patients with an internal
carotid arterial stenosis greater than 70%, and
only treated medically is 26%.

We encountered two patients with resteno-
sis within six months from the seven patients
that had angiographic follow up. This rate is
similar to the number reported for coronary
PTA series.'®*? Some drugs, such as calcium
antagonists or angiotensin converting enzyme
inhibitors,?-2> were thought to prevent
restenosis but the effect of these drugs is still
not clearly defined. If restenosis does occur,
then a repeat angioplasty procedure can be
performed.

Conclusion

Acute occlusion or high grade stenosis of
major vessels involving the posterior cerebral
circulation is associated with high morbidity
and mortality. Cerebral percutaneous translu-
minal angioplasty of the distal vertebral and
basilar artery for haemodynamically significant
lesions is now technically feasible. In sympto-
matic patients who are not adequately man-
aged by conventional medical treatment,
angioplasty is a viable alternative. Further
studies and trials are warranted to confirm
angioplasty as clinically efficacious for treating
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symptomatic stenosis of the intracranial blood
vessels.
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